The identification of Haemophilus spp. from urogenital sites can be challenging due to the lack of appropriate media for culturing the organisms and the poor resolution of biochemical methods. By incorporating chocolate agar and 16S rRNA gene sequence analysis in our protocol to identify Haemophilus spp. from urinary specimens, we isolated and characterized 30 genetically homogeneous strains of a cryptic species that is phylogenetically close to, but distinct from, Haemophilus parainfluenzae. Commercial biochemical kits and VITEK 2 could not distinguish between the two species. Over 90 % of the strains were isolated from urine and the urogenital area, made possible with the inclusion of chocolate agar in our urine culture protocol. In contrast, no Haemophilus strains isolated from respiratory specimens were identified as the cryptic genospecies. The cryptic genospecies was associated with urinary tract infections (UTIs) in certain patient populations. Distinct from Haemophilus quentinii that also causes urogenital infection, the cryptic genospecies required V factor (NAD) but not X factor (haemin) to grow. The data indicated that 16S rRNA gene sequencing may be necessary in identifying Haemophilus species and that inaccurate categorization of Haemophilus strains isolated from urogenital specimens based on phenotypic characteristics may prevent accurate diagnosis of UTIs.
INTRODUCTION
The genus Haemophilus comprises more than 15 species, many of which are of clinical significance. Haemophilus influenzae has been well studied as a major pathogen in infants and children, causing pneumonia, meningitis and bacteraemia (Turk, 1984; Nascimento-Carvalho, 2001 ). Urinary tract infections (UTIs) in adults and the elderly have also been reported, but the distinction of the genotypes within the H. influenzae group, such as Haemophilus quentinii, has not been made (Dworkin et al., 2007; Casin et al., 1988) . H. quentinii can be acquired sexually and causes infections of the urogenital area (Glover et al., 2011; Quentin et al., 1993) . Infection with Haemophilus haemolyticus has been associated with bacteraemia and pneumonia (Anderson et al., 2012) , and the organism has been isolated from urogenital specimens (J. E. Clarridge, unpublished data). Although Haemophilus parainfluenzae colonizes the upper respiratory tract and is in general non-pathogenic, except for causing rare endocarditis and joint infections (Bailey et al., 2011; Nwaohiri et al., 2009) , it has also been associated with urogenital infections (Clarridge, 1997; Houang et al., 1989; Hsu et al., 2013; Quentin et al., 1993) .
For decades, the use of nutrient agar supplemented by X and V factors (haemin and NAD, respectively) was the primary means for identifying Haemophilus spp. with biochemical typing based on the production of indole, ornithine decarboxylase and urease (Kilian, 1976 ). However, biotyping using different commercial test systems can yield variable results (Munson & Doern, 2007) . The more advanced technology such as matrix-assisted laser desorptionionization time-of-flight MS also cannot distinguish between certain Haemophilus spp. (Frickmann et al., 2013; Powell et al., 2013) . Without the appropriate identification method and scrutiny, it is not uncommon for Haemophilus strains to be misidentified as other species within or even outside the genus (Anderson et al., 2012; Chien et al., 2009; Frederiksen & Tønning, 2001; Frickmann et al., 2013; Powell et al., 2013) .
Accurate discrimination of Haemophilus spp. is critical for assessing their pathogenicity. In the current study, we employed 16S rRNA gene sequence analysis to identify a cryptic genospecies of Haemophilus that is closely related to, but distinct from, H. parainfluenzae, characterized its niche and assessed its potential in causing disease.
METHODS
All Haemophilus strains were isolated during routine culture procedures at the Veterans Administration Puget Sound Healthcare System and Veterans Affairs Medical Center Houston. We performed 16S rRNA gene sequence analysis on over 200 Haemophilus strains isolated from both urogenital and non-urogenital sites between 1986 and 2013. Columbia blood agar (BA), MacConkey agar (MAC), Columbia colistin-nalidixic acid agar (CNA) and chocolate agar (CA) (Remel) were used for bacterial culture of urinary tract specimens. BA and MAC were incubated at 35 uC in ambient air, whilst CA was incubated at 35 uC in air enriched with 6-7 % CO 2 . Strains in this study were isolated from CA, Gram stained and tested with API NH (bioMérieux) or RapID NH (Remel). Trypticase soy agar supplemented with X and V factors (haemin and NAD, respectively) was used to determine specific nutrient requirements for Haemophilus strains. b-Lactamase production was examined by employing BBL Cefinase paper discs (BD Diagnostics). The biotype categorization of Haemophilus was based on the production of indole, ornithine decarboxylase and urease determined by API NH and RapID NH. The ultimate identification of Haemophilus strains was performed by 16S rRNA gene sequencing as described previously (Chow & Clarridge, 2014) ; 500 bp 16S sequencing was performed for all strains, whilst 1500 bp 16S rRNA sequencing was performed for strains F1202, F7461 and F7148. Three sets of primers (VB1-VB6) were used to amplify the 1500 bp 16S rRNA gene and the first set (VB1-VB2) was used for 500 bp 16S rRNA sequencing. The primers were: VB1 (TGGAGAGTTTGATCCTGGCTCAG), VB2 (TACCGCGGCTGCT-GGCAC), VB3 (CCAGCAGCCGCGGTAATAC), VB4 (CGGGACTT-AACCCAACATCTCAC), VB5 (GTGAGATGTTGGGTTAAGTCCC-G) and VB6 (AAGGAGGTGATCCAGCCGCA). The sequences were analysed and compared with BIBI and GenBank databases (Park et al., 2012) . The phylogenetic tree was reconstructed with MUSCLE, a program for generating multiple alignments (Edgar, 2004) 
RESULTS

16S rRNA gene sequencing
In contrast to most clinical microbiology laboratories, the use of CA in our routine culture workup for urinary tract specimens has allowed isolation and characterization of Haemophilus spp. that are overlooked commonly (Clarridge, 1997; Glover et al., 2011) . We performed 16S rRNA gene sequence analysis on .200 Haemophilus strains isolated from both urogenital and non-urogenital sites. Using this method, we identified a genotype with 30 strains that are distinct from all other Haemophilus spp. The genotype is most closely related to, but distinct from, H. parainfluenzae (Fig. 1) . Of the 451 bp sequences that we compared, 12-14 mismatches (2.7-3.1 % differences) were found between the cryptic genospecies and the type strain of H. parainfluenzae. The results were confirmed by 16S rRNA gene sequence analysis (1362 bp) (Fig. 2) . We found other sequences in GenBank that matched that of our cryptic genospecies, but those isolates had been identified as H. parainfluenzae ( Fig. 1 ) (Nørskov-Lauritsen, 2009 ). Biochemical methods could not distinguish the cryptic genospecies from H. parainfluenzae (Table 1) . VITEK 2 reported the cryptic genospecies as H. parainfluenzae, H. influenzae or Pasteurella spp. (data not shown). These results indicated that 16S rRNA gene sequence analysis provided adequate resolution to distinguish between Haemophilus strains, allowing the differentiation of cryptic genospecies and their subsequent characterization.
Phenotypic characteristics of cryptic genospecies
The cryptic genospecies is Gram-negative, pleomorphic showing both coccobacillus and rod forms (0.6-5.0 mm diameter). All strains required V factor but not X factor to grow and grew as satellite colonies adjacent to strain ATCC 25923 of Staphylococcus aureus on BA. The cryptic genospecies grew well under anaerobic conditions with colony sizes of 0.9-1.6 mm diameter after 1 day of culture, whilst growing best in ambient air and air enriched with 6-7 % CO 2 with colony sizes of 1.3-3.3 mm diameter after 1 day of culture. The colonies could have either rough or smooth edges. Of the 25 strains tested by biochemical methods, the percentages for biotypes I, II and III were 4, 76 and 20 %, respectively (Table 1 ). The biotype distributions of the cryptic genospecies reported by API NH versus RapID NH were essentially identical (8.3/75/16.7 % as biotype I/II/III by API NH, n512; 0/76.9/23.1 % as biotype I/II/III by RapID NH, n513).
Niche of cryptic genospecies
The sites of isolation for all strains of the cryptic genospecies, patient demographics, medical history and culture results are listed in Table 2 H. parainfluenzae
Urine (1/7), wound (4/7), abscess (2/7) 7/7 (100 %) 7/7 (100 %) 7/7 (100 %) 7/7 (100 %) 3/7 (42.9 %) 5/7 (71.4 %) 0/7 (0 %) 6/7 (85.7 %) 1/7 (14.3 %) 0/7 (0 %) 1/7 (14.3 %) 0/7 (0 %) II (42.8 %), III (28.6 %), V (28.6 %)
b-Gal, b-galactosidase; c-GT, c-glutamyltransferase;
AP, alkaline phosphatase; ODC, ornithine decarboxylase, PA, proline arylamidase.
Haemophilus spp. cause opportunistic UTIs of 30 strains of the novel cryptic genospecies were isolated from urine and the urogenital area: urine (63.3 %), urethral discharge (16.7 %), urethral swab (6.7 %), vaginal (3.3 %), wound (6.7 %) and finger abscess from a male (3.3 %). In the literature, strain PN100 was isolated from urine (Nørskov-Lauritsen, 2009). Hsu et al. (2013) reported that three clinical strains, isolated from the urethral discharge of patients with urethralis, were most closely related to PN100 based on 16S rRNA gene sequence analysis. None of the reported strains or our clinical strains were isolated from the respiratory tract. Our data suggested that the urethra was likely the primary niche of the cryptic genospecies. In contrast, strains of H. parainfluenzae sensu stricto were isolated commonly from other non-urogenital sites, such as sputum, upper and lower respiratory tract, and abscess (Frickmann et al., 2013) .
Demographic and clinical data
Positive urinalysis results were observed in 12 of 15 patients with sufficient data available for evaluation, four of which may be attributable to the presence of other pathogenic bacteria ( Table 2 ). The cryptic genospecies was the sole organism isolated in 14 cases, six of which occurred at ¢100 000 c.f.u. ml
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. It was isolated as the predominant organism together with mixed Gram-positive flora in five cases. Eight patients had benign prostatic hyperplasia, seven had urinary obstruction, two had kidney disease and one had urinary retention. Three of 14 tested strains were blactamase-positive. In conclusion, based on the phylogenetic evidence, the distinct niche in our body as well as its potential to cause UTIs, we believe that this cryptic genospecies is different fundamentally from other members in the genus Haemophilus.
DISCUSSION
The isolation and report of Haemophilus spp. from urogenital culture has been relatively rare, mostly due to the lack of appropriate media, such as CA used in the urine culture workup (Boyd et al., 1980) . It was believed that Haemophilus spp. were not significant urinary tract pathogens (Boyd et al., 1980) . However, over the years it has been shown that Haemophilus spp. can cause UTIs in different patient populations, although the exact species was rarely determined by sequence analysis (Glover et al., 2011; Houang et al., 1989; Hsu et al., 2013; Martel et al., 1989; Messing et al., 1983; Quentin et al., 1993; Sturm, 1986) .
Among the Haemophilus spp. isolated from the urogenital area, most investigators found that the number of strains requiring V factor only was greater than that of the strains requiring both X and V factors (Kilian, 1976; Martel et al., 1989; Sturm, 1986) . In the study by Martel et al. (1989) , the ratio of strains requiring V factor to strains requiring X and V factors was 3.65 from vagina or urethra specimens compared with a ratio of 1.44 from oropharyngeal specimens (Martel et al., 1989 ). In the current report, the cryptic genospecies also does not require X factor to grow. This is in contrast to Haemophilus quentinii, an opportunistic pathogen of the urogenital area that requires both X and V factors (Glover et al., 2011; Quentin et al., 1993) .
Most reports of Haemophilus spp. isolation from urogential specimens lack 16S rRNA gene sequence analysis data (Houang et al., 1989; Martel et al., 1989; Messing et al., 1983) . Without accurately determined genotype or species, reports of phenotypic results, biotyping, clinical characteristics and frequency of occurrence cannot be compared between publications, rendering the literature confusing. Indeed, it is likely that our cryptic genospecies has been isolated by others but identified as H. parainfluenzae. Nørskov-Lauritsen (2009) identified three strains as H. parainfluenzae in a study, but our analysis of the published sequences (Fig. 1) shows that two of them (PN100 and PN118) are identical to our type strain of the cryptic genospecies, whereas another strain (PN116) is identical to the type strain of H. parainfluenzae. Subsequently, PN100 was used as a reference strain in another study, in which three strains isolated from patients with urethralis were described (Hsu et al., 2013) . Our review showed that even Haemophilus strains that showed discrepancies in both RFLP type and 16S rRNA gene sequence were still classified as H. parainfluenzae sensu stricto (Riemersma et al., 2003) .
The majority of the cryptic genospecies reported in this study were biotype II, followed by biotype III and then biotype I. Previous studies have shown that H. parainfluenzae biotype II is predominant in urogenital specimens, whilst biotypes IV-VII have not been isolated from that site (Houang et al., 1989; Martel et al., 1989; Messing et al., 1983) . However, it is important to know that biotyping may not be reproducible completely (Munson & Doern, 2007) .
Our data suggest that the cryptic genospecies can be both normal urethral flora and an opportunistic pathogen that can cause UTIs in patients with predisposing risk factors, such as benign prostatic hyperplasia, urinary obstruction, kidney disease and urinary retention. Positive urinalysis results were associated with most cases. As listed in Table 2 , only two strains were isolated from females. This is probably due to the fact that our patient population was mostly males. However, it may also be that the isolation of Haemophilus spp. from the urogenital area is more common in males than females (Houang et al., 1989; Martel et al., 1989) . Taken together, the recognition of this novel species may clarify the pathogenic potential of urogenital isolates of Haemophilus spp.
